Appendix A

Analytical Data

COAL
Coal Type: Bituminous
Coal analysis, wt% as received Ash analysis. wt% ash
Carbon 73.68 Li,O 0.02
Hydrogen 4.77 Na,O 0.65
Nitrogen 1.47 K,O 1.73
Oxygen 5.18 MgQO 0.78
Sulfur 1.75 Ca0O 2.83
Moisture 6.46 Fe,0, 18.26
Ash 6.69 AlLO, 23.47
HHV 13,006 Btu/lb SiO, 47.44
TiO, 0.96
HHV 13,344 Btu/lb P,0, 0.50
(Calculated by ESPert) SO, 2.48
Unknown 0.87
Average of the analyses of the daily cumulative samples.
ASH
Ash analysis, wt% as received Ash analysis, wt% ash
Carbon 2.40 Li,O 0.02
Sulfur 0.45 Na,O 0.66
Moisture 0.46 K,O 1.70
Ash 96.87 MgO 0.75
Ca0 2.66
Fe,O, 17.37
Al GO, 23.19
Sio, 47.63
TiO, 1.07
P,0O; 0.49
S0, 1.13

Unknown 3.32

Average of the analyses of the test samples.
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FLY ASH RESISTIVITY

Samples Collected from North-Side

Samples Coliected from South-Side

October 17 October 18 October 19 Qctober 20
Temp, Resistivity Temp, Resistivity Temp, Resistivity Temp, Resistivity
Port ZF 10" Ohm “F 10" Ohm ZF 10" Ohm “F 10" Obhm
B 297 4.49 302 13.9 289 2.02 295 2.20
D 291 3.90 293 4.74 299 2.93 302 4.67
F 288 2.09 297 4.23 293 3.87 292 1.98
H 299 2.68 305 3.86 277 2.07 280 2.29
J 289 3.02 297 3.30 295 3.43 300 2.25
L 278 1.72 278 1.37 304 3.69 300 2.58
PARTICLE SIZE DATA
Date: October 17, 1995
Time: 1240 to 1655 hours
Source: North-Side, “B”
ESP Inlet ESP Exit
Cumulative Cumulative
Stage _Dsy_ Percent Stage Do _ Percent
1 75 75.36 Pre 7.6 20.69
2 3.5 94.14 1 45 38.28
3 2.5 97.60 2 2.8 55.86
4 1.1 98.90 3 1.8 76.55
5 0.64 99.35 4 1.1 80.69
Filter 0.32 100.00 5 0.73 86.55
6 0.44 90.00
7 0.19 92.76
Filter 0.09 100.00

Page 45



Date: October 18, 1995
Time: 1018 to 1724 hours
Source: North-Side, “B”

ESP Inlet ESP Exit

Cumulative Cumulative
Stage Dy Percent Stage Do Percent
1 7.5 79.26 Pre 7.3 14.52
2 3.5 95.60 1 4.3 24.19
3 25 98.42 2 2.7 38.31
4 1.1 99.10 3 1.8 60.48
5 0.62 99.42 4 1.1 66.94
Filter 0.31 100.00 5 0.69 74.19
6 0.42 79.44
7 0.17 85.08
Filter 0.08 100.00

Date: October 19, 1955
Time: 1120 to 1540 hours
Source: South-Side, “A”

ESP Inlet ESP Exit

Cumulative Cumulative

Stage  _Ds_ _Percent Stage  _Ds_ _Percent_
1 7.2 85.19 Pre 7.3 1542
2 33 95.56 1 4.3 23.35
3 23 98.10 2 2.7 37.89
4 1.0 99.11 3 1.8 54.19
5 0.59 99.42 4 1.1 66.52
Filter 0.30 100.00 5 0.69 73.13
6 0.42 76.21
7 0.17 83.26
Filter 0.09 100.00
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Date: October 20, 1995
Time: 1121 to 1430 hours
Source: South-Side, "A”

ESP Inlet ESP Exit

Cumulative Cumulative
Stage ~Dso_ Percent Stage Do Percent
1 7.3 81.43 Pre 6.9 14.29
2 3.4 96.80 1 4.0 23.67
3 2.4 98.94 2 2.5 36.73
4 1.1 99.40 3 1.7 60.82
5 0.60 99.57 4 1.0 78.78
Filter 0.30 100.00 5 0.63 88.98
6 0.39 95.51
7 0.15 97.96
Filter 0.07 100.00
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Appendix A

Analytical Data

COAL
Coal Type: Bituminous
Coal analysis. wt% as received Ash analysis, wt% ash
Carbon 73.68 Li,O 0.02
Hydrogen 4.77 Na,O 0.65
Nitrogen 1.47 K,0 1.73
Oxygen 5.18 MgO 0.78
Sulfur 1.75 Ca0 2.83
Moisture 6.46 Fe,O, 18.26
Ash 6.69 Al, Oy 23.47
HHV 13,096 Btu/lb Sio, 47.44
TiO, 0.96
HHV 13,344 Btu/lb P,05 0.50
(Calculated by ESPert) SO, 248
Unknown 0.87
Average of the analyses of the daily cumulative samples.
ASH

Ash analysis, wt% as received

Carbon 240
Sulfur 0.45
Moisture 0.46
Ash 96.87

Average of the analyses of the test samples.

Ash analysis, wt% ash

Li,O
Na,O
K,O
MgO
Ca0
Fe,O,
ALO,
SiQ,
TiO,
P.O,
S0,
Unknown

0.02
0.66
1.70
0.75
2.66
17.37
23.19
47.63
1.07
0.49
1.13
3.32
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FLY ASH RESISTIVITY

Samples Collected from North-Side

Samples Collected from South-Side

QOctober 17 October 18 October 19 October 20
Temp, Resistivity Temp, Resistivity Temp, Resistivity Temp, Resistivity
Port “F 10" Ohm CF 10"° Ohm "F. 10" Ohm E. 10"° Ohm
B 297 4.49 302 13.9 289 2.02 295 2.20
D 291 3.90 293 4,74 299 2.93 302 4.67
F 288 2.09 297 4.23 293 3.87 292 1.98
H 299 2.68 305 3.86 277 2.07 280 2.29
J 289 3.02 297 3.30 295 3.43 300 2.25
L 278 1.72 278 1.37 304 3.69 300 2.58
PARTICLE SIZE DATA
Date: October 17, 1995
Time: 1240 to 1655 hours
Source: North-Side, “B”
ESP Inlet ESP Exit
Cumulative Cumulative
Stage Do Percent Stage ~Dso_ Percent
1 7.5 75.36 Pre 7.6 20.69
2 3.5 94.14 1 4.5 38.28
3 2.5 97.60 2 2.8 55.86
4 1.1 98.90 3 1.8 76.55
5 0.64 99.35 4 1.1 80.69
Filter 0.32 100.00 5 0.73 86.55
6 0.44 90.00
7 0.19 92.76
Filter 0.09 100.00
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Date: October 18, 1995
Time: 1018 to 1724 hours
Source: North-Side, “B"

ESP Inlet ESP Exit

Cumulative Cumutative
Stage _Dso_ Percent Stage Do Percent
1 7.5 79.26 Pre 7.3 14.52
2 3.5 95.60 1 4.3 2419
3 2.5 98.42 2 27 38.31
4 1.1 99.10 3 18 60.48
5 0.62 99.42 4 1.1 66.94
Filter 0.31 100.00 5 0.69 74.19
6 0.42 79.44
7 017 85.08
Filter 0.08 100.00

Pate: October 19, 1955
Time: 1120 to 1540 hours
Source: South-Side, “A"

ESP Inlet ESP Exit

Cumulative Cumulative
Stage Do Percent Stage Do Percent
1 7.2 85.19 Pre 7.3 15.42
2 3.3 95.56 1 4.3 23.35
3 2.3 98.10 2 2.7 37.89
4 1.0 99.11 3 1.8 54.19
5 0.59 99.42 4 1.1 66.52
Filter 0.30 100.00 5 0.69 73.13
6 0.42 76.21
7 0.17 83.26
Filter 0.09 100.00
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Date: October 20, 1995
Time: 1121 to 1430 hours
Source: South-Side, “A”

ESP Inlet ESP Exit

Cumulative Cumulative
Stage _ Do Percent Stage Dy Percent
1 7.3 81.43 Pre 6.9 14.29
2 34 96.80 1 4.0 23.67
3 24 98.94 2 25 36.73
4 1.1 99.40 3 1.7 60.82
5 0.60 99.57 4 1.0 78.78
Filter 0.30 100.00 5 0.63 88.98
6 0.39 95.51
7 0.15 97.96
Filter 0.07 100.00

Page 47



Appendix B

Operating Data Collected by the Plant Data Logger

BOILER / OPACITY DATA
Conditions at time of test.

Date: Oct. 17, 1996
Time. 0935 - 1225
ESP: North “B”

Generator gross load 158 (79) MW

Coal rate 54 {27) ton/h
Heat rate 8,964  Btu/kWh

Electrical Data

TR Set # _2B-1 Sparking: Yes 0 No H
Primary voltage 301V If Yes, Spark rate 0 sparks / min
Primary current —392 A Arcing: Yes O No H
Secondary voltage 648 kv Back corona: Yes O No W
Secondary current 226 _ mA '

TR status: On M Off O Tripped O
TR Set # _2B-2 Sparking: Yes [ No B
Primary voltage _397 vV If Yes, Spark rate 0 sparks/min
Primary current 885 A Arcing: Yes 0 No W

64.8  kV

Secondary voltage —_ Back corona: Yes OO No W
Secondary current _477 mA

TR status: On B Off O Tripped O
TR Set # _2B-3 Sparking: Yes B No [
Primary voltage _428 VvV If Yes, Spark rate 0.8 sparks / min
Primary current 1230 A Arcing: Yes 0 No B
Secondary voltage 28 kY Back corona: Yes 0 No H
Secondary current _688 mA

TR status: On B Off O Tripped O
* Indicated values were measured during the performance testing. Page 48

() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.
[]1 Used enclosed value per recommendation of ESPert developer.



Physical Data / Particle Size

Particle density 2300 kg/m? Gas sneakage factor 0.05
TR set peak to ave. voltage ratio 1.2] Gas velocity sigma 0.15
{Typically 1.2 for full wave / 1.6 for half wave) Particle size data: Mass Mean |
. . Cumulative % O
No. of size band.end pomts ) 81 Mass mean diameter 11.0 _ micron
(No. of particle size fractions) Standard deviation 23
Particle Size Data (ESPert Default Values)
Mass Mean, Mass Mean,
micron micron
1. 0.01 12. 2.80
2. 0.10 13. 3.80
3. 0.14 14. 5.00
4. 0.20 15. 7.00
5. 0.28 16. 10.00
6. 0.38 17. 14.00
7. 0.50 18. 20.00
8. 0.70 19. 28.00
9. 1.00 20. 38.00
10. 1.40 21, _100.00
11. 2.00
Test Conditions
inlet gas flow (266,112)*  acfm Pressure in duct 28.55" inches of Hg
Inlet mass loading 241" gr/ acf In-situ resistivity 3x10"™* Ohm-cm
Water 6.15" % Efficiency 99.88* Yo
Oxygen 5.9 % Outlet mass loading __0.0025*  gr/ acf
Boiler / Opacity Test Data
Inlet duct temp. at ESP 291* °F Average opacity 2.05 %
Average temp. leaving 204.3 “F Maximum opacity 2.65 %
Air heater B S0, gas conditioning 0 ppm
Average temp. exiting 2859  °F Soot blowing:  Operating Il off O

e ke ——— e————

Date: Oct. 18, 1996
Time: 0835 - 1142
ESP: North “B”

Generator gross load 158 (79) MW

Coal rate 54 (27) ton/h
Heat rate 8,985 Btu / kWh
* Indicated values were measured during the performance testing. Page 49

() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.
[ 1 Used enclosed value per recommendation of ESPert developer.



Electrical Data

TR Set # 2-B1
Primary voltage 291V Sparking: Yes B No O
Primary current 356 A If Yes, Spark rate 0.1 sparks / min
Secondary voltage 64.8 kV Arcing: Yes O No H
Secondary current 205 mA Back corona: Yes O No W
TR status: On M Off O Tripped O
TR Set # 2-B2
Primary voltage 394 vV Sparking: Yes l No O
Primary current 853 A If Yes, Spark rate 0.6 sparks/min
Secondary voltage 64.7 kV Arcing: Yes O No H
461
Secondary current 6 MA Back corona: Yes O No H
TR status: On M Off O Tripped O
TR Set # 2-B3
Primary voltage 422V Sparking: Yes B No O
Primary current 1261 A If Yes, Spark rate 14.3 _ sparks / min
Secondary voltage 1.8  kV Arcing: Yes OO No H
Secondary current 672 mA Back corona: Yes C1 No W
TR status: On B Off O Tripped
Physical Data / Particle Size
Particle density 2,300 kg/m? Gas sneakage factor 0.05
TR set peak to ave. voltage ratio _ [1.2] Gas velocity sigma 0.15
(Typically 1.2 for full wave / 1.6 for half wave) Particle size data: Mass Mean W
. ' Cumulative % [OJ
No. of size band end points 821 Mass mean diameter 11.5  micron
{No. of particle size fractions) Standard deviation o4
* Indicated values were measured during the performance testing. Page 50

() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.
[ ] Used enclosed value per recommendation of ESPert developer.



Particle Size Data (ESPert Default Values)

Mass Mean, Mass Mean,
micron micron
1 0.01 12. 2.80
2 0.10 13. 3.80
3 0.14 14, __5.00
4 0.20 15, 7.00
5 _0.28 16. _10.00
6. __0.38 17. 14.00
7 0.50 18. 20.00
8 0.70 19. 28.00
9 1.00 20. 38.00
10 1.40 21. _100.00
1. __2.00
Test Conditions
Inlet gas flow (277.304)" acfm Pressure in duct 28.27* inches of Hg
Inlet mass loading 1.38*  gr/acf In-situ resistivity _3x10"* Ohm-cm
Water 714 % Efficiency 9985* %
Oxygen 5.6" % Outlet mass loading 0.0021* gr/ acf

Boiler / Opacity Test Data

*

Back corona:
TR status: On

Inlet duct temp. at ESP 292* 'F Average opacity 265 %
Average temp. leaving 2981 °F Maximum opacity 284 _ %
Air heater B SO, gas conditioning 0 ppm
Average temp. exiting 2912 °F Soot blowing:  Operating Il off O
Date:  _Oct. 18, 1996
Time: 1220 - 1520
ESP: North “B”
Generator gross load 158 (79) _ MW
Coal rate 54 (27) ton/h
Heat rate 8.985 Btu / kWh
Electrical Data
TR Set # 2-B1
Primary voltage 289 V Sparking: Yes B No O
Primary current _344 A If Yes, Spark rate 0.1 __ sparks / min
Secondary voltage 64.8  kV Arcing: Yes O No H
Secondary current 199 mA

Yes O No H

B Off O Tripped O

Indicated values were measured during the performance testing.
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() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.

[] Used enclosed value per recommendation of ESPert developer.



TR Set # 2-B2

Primary voltage 399 \ Sparking: Yes B No O
Primary current 879 A If Yes, Spark rate 0.6 _ sparks / min
Secondary voltage 64.7 kV Arcing: Yes 0 No H
Secondary current 473 mA Back corona: Yes O No W
TR status: On B Off O Tripped O
TR Set # 2-B3
Primary voltage 418 V Sparking: Yes M No O
Primary current 1994 A If Yes, Spark rate 14.3  sparks / min
Secondary voltage 61.2  kV Arcing: Yes O No M
Secondary current 668 mA Back corona: Yes O No W
TR status: On B Off O Tripped O
Particle density 2300 kg/m® Gas sneakage factor 10.05]
TR set peak to ave. voltage ratio  _[1.2] Gas velocity sigma _[0.15]

(Typically 1.2 for full wave / 1.6 for half wave)

Particle size data:

Mass Mean M
Cumulative % O

No. of size bar.1d enfj points. 6 [21 Mass mean diameter 11.5  micron
(No. of particle size fractions) Standard deviation 24
Particle Size Data (ESPerf Default Values)
Mass Mean, Mass Mean,
micron micron
1. 0.01 12. 2.80
2. 0.10 13. 3.80
3. 0.14 14. 5.00
4. _0.20 15. 7.00
5. 0.28 16. 10.00
6. 0.38 17. 14.00
7. 0.50 18. 20.00
8. 0.70 19. 28.00
9. 1.00 20. 38.00
10. 1.40 21. _100.00
11. 2.00
* Indicated values were measured during the performance testing. Page 52

() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.

[1Used enclosed value per recommendation of ESPert developer.



Test Conditions
Inlet gas flow
Inlet mass loading
Water
Oxygen

Boiler / Opacity Test Data
Inlet duct temp. at ESP

Average temp. leaving
Air heater B
Average temp. exiting

(280,126} acfm

gr/ acf
%
%o

Pressure in duct 28.24* _ inches of Hg
In-situ resistivity 3x10"°*  Ohm-cm

Efficiency 99.89* %
Qutlet mass loading _0.0015*  gr/ acf

Average opacity 220 _ %

Maximum opacity 270 %

SO, gas conditioning 0 ppm

Soot blowing: Operating @ off O

e —————————————— e —teeeeee—
e e — ——————  —————

Date: Oct. 19, 1996

Time: _0835- 1150

ESP: South "A”

Generator gross load
Coal rate
Heat rate

8,984

167 (79) MW

—24(27) ton/h
Btu / kWh

* Indicated values were measured during the performance testing.

Page 53

() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.

[ 1 Used enclosed value per recommendation of ESPert developer.



Electrical Data

TR Set # 2- Al
Primary voltage 2712V Sparking: Yes O No B
Primary current 362 A If Yes, Spark rate --___ sparks / min
Secondary voltage 64.8 kV Arcing: Yes O No H
Secondary current 210 mA Back corona: Yes O No W
TR status: On W Off O Tripped 0O
TR Set # 2-A2
Primary voltage 430V Sparking: Yes B No O
Primary current 101.7 A If Yes, Spark rate 2.8__ sparks / min
Secondary voltage 64.4 kV Arcing: Yes O No H
Secondary current 589 mA Back corona- Yes O No W
TR status: On W Off O Tripped O
TR Set # 2-A3
Primary voltage 472V Sparking: Yes B No O
Primary current 1509 A If Yes, Spark rate 1.2__ sparks / min
gecondary voltage 721;.7 k\; Arcing: Yes O No W
econdary current m Back corona: Yes O No H
TR status: On B Off O Tripped 0O
Physical Data / Particle Size
Particle density 2,300 kg/m? Gas sneakage factor 0.05
TR set peak to ave. voltage ratio  _[1.2] Gas velocity sigma 0.15

(Typically 1.2 for full wave / 1.6 for half wave)

No. of size band end points

6 [21

(No. of particle size fractions)

Particle size data:

Mass mean diameter
Standard deviation

Mass Mean |
Cumulative % O

_11.5  micron
2.3

*

indicated values were measured during the performance testing.
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Particle size data (ESPert Default Values)

Mass Mean, Mass Mean,
micron micron
1. 0.01 12. 2.80
2. 0.10 13. 3.80
3. 0.14 14, 5.00
4. 0.20 15. 7.00
5. 0.28 16. 10.00
6. 0.38 17. 14.00
7. 0.50 18. 20.00
8. 0.70 19. 28.00
9. 1.00 20. 38.00
10. 1.40 21. 100.00
11. 2.00
Test Conditions
Inlet gas flow (267.876) * acfm Pressure in duct 28.36*  inches of Hg
Inlet mass loading 1.50¢ gr/ acf In-situ resistivity 3x10'""* Ohm-cm
Water 7.58* % Efficiency 99.92" %
Oxygen 5.7* % Outlet mass loading _0.0013* gr/ acf

Boiler / Opacity Test Data

Inlet duct temp. at ESP 290*  °F Average opacity 404 %
Average temp. leaving 2042 °F Maximum opacity 462 %
Air heater B S0, gas conditioning 0__ ppm
Average temp. exiting 2835 °F Soot blowing:  Operating M off O

Date: Qct. 19, 1996
Time: 1150 - 1550
ESP: South “A”

Generator gross load 158 (79) Mw

Coal rate 54 (27) ton/h
Heat rate 8.967 Btu / kWh

Electrical Data

TR Set# 2-A1
Primary voltage 268V Sparking: Yes O No H
Primary current 344 A If Yes, Spark rate - sparks/min
Secondary voltage 64.8 kV Arcing: Yes O No H
Secondary current 200 mA Back corona: Yes O No W

TR status: On B Off O Tripped 0O
* Indicated values were measured during the performance testing. Page 55

() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.
[1Used enclosed value per recommendation of ESPert developer.



TR Set # 2-A2

Primary voltage 432 \ Sparking: Yes B No O
Primary current 1035 A If Yes, Spark rate 3.2  sparks/min
Secondary voltage 64.3 kv Arcing: Yes O0 No H
Secondary current 598 mA Back corona- Yes O No W

TR status: On M Off O Tripped
TR Set # 2-A3
Primary voltage 474 _ V Sparking: Yes B No O
Primary current 151.9 A If Yes, Spark rate 1.9  sparks/min
Secondary voltage 64.6  kV Arcing: Yes O No H
Secondary current 792 mA Back corona: Yes [ No W

TR status: On

W Off O Tripped

Physical Data / Particle Size

Particle density
TR set peak to ave. voltage ratio [1.2]
(Typically 1.2 for full wave / 1.6 for half wave)

No. of size band end points 6 [21]
{No. of particle size fractions)

~2,300 kg/m®

Gas sneakage factor
Gas velocity sigma

Particle size data:

Mass mean diameter

Standard deviation

;

Mass Mean ||
Cumulative % O

_11.5  micron

2.3

Particle Size Data (ESPert Default Values)

Mass Mean
micron
_ 001 _
0.10
0.14
0.20
0.28
0.38
0.50
.70
1.

:

SR NIOAWN

-
o
(=
(]

Mass Mean

micron
12, 2.80
13. 3.80
14. 5.00
15. 7.00
16. 10.00
17. 14.00
18. 20.00
19. 28.00
20. 38.00
21, _100.00

Test Conditions

Inlet gas flow (273.387)* acfm
Inlet mass loading 1.33* gr/ acf
Water 7.90* %
Oxygen 59" %

Pressure in duct
In-situ resistivity
Efficiency

28.46* inches of Hg

3x10"*  Ohm-cm
9991 %

Outlet mass loading _0.0012* gr/ act

Indicated values were measured during the performance testing.
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Boiler / Opacity Test Data

Inlet duct temp. at ESP 298" “F Average opacity 3.01 %
Average temp. leaving 299.6 °F Maximum opacity 377 %
Air heater B S0, gas conditioning 0 ppm
Average temp. exiting 2876 °F Soot blowing:  Operating Ml off O
Date: Oct. 20, 1996
Time: 0815 - 1030
ESP; South “A”
Generator gross load 158 (79) MW
Coal rate 54 (27) ton/h
Heat rate 8.970 Btu / kWh
* Indicated values were measured during the performance testing. Page 57

()} Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.

[1Used enclosed value per recommendation of ESPert developer.



Electrical Data

TR Set # 2 - At
Primary voltage 268V Sparking: Yes O No B
Primary current 348 A If Yes, Spark rate 0 sparks / min
Secondary voltage 64.8 kv Arcing: Yes O No H
Secondary current 202 mA Back corona- Yes O No W
TR status: Cn M Off O Tripped O
TR Set # 2-A2
Primary voltage 429 v Sparking: Yes B No O
Primary current 1051 A If Yes, Spark rate 5.1 __ sparks / min
Secondary voltage 639 kv Arcing: Yes O No H
Secondary current 601 mA Back corona: Yes O No ®
TR status: On W Off O Tripped O
TR Set # _2-A3
Primary voltage 473 _ V Sparking: Yes M No O
Primary current 1538 A If Yes, Spark rate 3.4 _ sparks/ min
zecongary voltagt: ——831-4 k“; Arcing: Yes O No W
econadary curren A m Back corona: Yes O No H
TR status: On W Off O Tripped O
Physical Data / Particle Size
Particle density 2,300 kg/m® Gas sneakage factor 0.05
TR set peak to ave. voltage ratio  _[1.2] Gas velocity sigma _[0.15]

(Typically 1.2 for full wave / 1.6 for half wave)

No. of size band end points
(No. of particle size fractions)

6 {21

Particle size data:

Mass mean diameter

Standard deviation

Mass Mean I
Cumulative % [J

11.5  micron
2.4

* Indicated values were measured during the performance testing.
{} Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.

[ ] Used enclosed value per recommendation of ESPert developer.
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Particle Size Data (ESPert Default Values)

Mass Mean Mass Mean
micron micron
1. 0.01 12. 2.80
2. 0.10 13. 3.80
3. 0.14 14. 5.00
4. 0.20 15. 7.00
5. 0.28 18. 10.00
6. 0.38 17. 14.00
7. 0.50 18. 20.00
8. 0.70 19. 28.00
9. 1.00 20. 38.00
10. 1.40 21, _100.00
11. 2.00
Test Conditions
Inlet gas flow (284,710)" acfm Pressure in duct 28.21*  inches of Hg
Inlet mass loading 1.44* gr/ acf In-situ resistivity 3x10"™*  Ohm-cm
Water 7.63* % Efficiency 99.93* %
Oxygen 5.8* Y% Outlet mass loading _0.0012* gr/ acf

Boiler / Opacity Test Data

Inlet duct temp. at ESP 300 °F Average opacity 1.37 %
Average temp. leaving 3004 “F Maximum opacity 1.67 %
Air heater B SO, gas conditioning 0 ppm
Average temp. exiting 288.0 “F Soot blowing: ~ Operating Il off O
* Indicated values were measured during the performance testing. Page 59

() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.
[ 1 Used enclosed value per recommendation of ESPert developer.



Appendix C

Milliken Station Design Data

IDENTIFICATION
Facility name Milliken Station Number of ESPs 1 (1 - half of original)
Facility location Lake Ridge, New York Number of boilers 1
ESP start-up date 6/18 /93 identification of this ESP Unit #2
Generator load 154 (77} MW Boiler ID for this ESP Boiler #2
BOILER DATA

Boiler start-up date 6/18 /93
Heat rate 9.485 (8,771) Btu/kWh Stack diameter 115 feet

Boiler Type: Pulverized coal | Cyclone [0 Stoker O
Boiler firing mode:  Wali O Corner B Face O
Burner type: Standard O Low NOx W

Bottom type: Wet [ Dry [ ]
Number of pulverizers 4
Soot Blowers Type Operating Method
Steam W Air O Continuous O Intermittent W
Number of soot blowers 26 Soot blow cycle time 180 minute
Boiler additives: Ammonia safts [0 Sodium salts [ MgOx O None H
Gas recirculation: Yes O No |

ESP DESIGN DATA

Manufacturer's name Belco Technologies Corp.
Number of fields 3 in gas flow direction Plate height 30 _ feet
Number of gas paths 4 [1] ESP pressure (28.3) inches of Hg
Number of plate passages 15 [30] per gas path ESP collection efficiency 99.72_ %
Gas passage width 16 inches Design opacity <20 %
ESP type: Weighted wire 0 Rigid electrode M Rigid frame O
Gas conditioning: Yes O No H
Inlet Gas Design Data Outlet Gas Design Data
Number of inlet ducts 2(1) Number of outlet ducts 2(1)
Gas temperature 253 _ F Particle emissions 0.025 |b/MMBtu
Gas volume 574,667 (277,334) acfm
Dust concentration 8.82 |b/MMBtu

Page 60
() Enclosed value was used in ESPert for proper sizing since parallel units were tested and evaluated separately.
[1 Used enclosed value per recommendation of ESPert developer.



Field Data -- Physical Characteristics

Field number (Inlet = 1) 1 (Identical North and South Units)
Field length 9 feet Closest discharge electrode 6.5 inches
Design ESP voltage 65 kV to plate distance
Number of discharge electrodes 6 Number of TRs in this field 2(1)
in gas flow direction
TR # 1 2 (ESP separated into North and South
Designations for each TR (TR plant names) 2-A1  (2-B1) units, which are evaluated
Which gas paths are powered by which TR set South {North) separately.)
Field number 2 {Identical North and South Units)
Field length 9_ feet Closest discharge electrode 6.5 inches
Design ESP volitage 65  kV to plate distance
Number of discharge electrodes 6 Number of TRs in this field 2{(1)
in gas flow direction
TR # 1 2 (ESP separated into North and South
Designations for each TR (TR plant names) 2-A2 (2 - B2) units, which are evaluated
Which gas paths are powered by which TR set South {North) separately.)
Field number 3 (Identical North and South Units)
Field length 9 feet Closest discharge electrode 6.5 inches
Design ESP voltage 65  kV to plate distance
Number of discharge electrodes 6 Number of TRs in this field 2 (1)
in gas flow direction
TR# 1 2 (ESP separated into North and South
Designations for each TR (TR plant names) 2-A3 (2 - B3) units, which are evaluated
Which gas paths are powered by which TR set South {(North}) separately.)

Field Data -- Control Properties

TR Set Number 2-A1, A2, A3: 2-B1, B2 B3 (All TR sets are identical)

Primary ESP

Voltage Current Voltage Current
Rated 480 180 65 1000
AVC limit 700 [500] 200 70 1000
Control manufacturer's name Belco Technologies Corp.
Controller type: Analog O Microprocessor B Non-micro. [J
Controller Wave form: Full @ Half O Power off rapping available: Yes I No O
TR outputs One® Two O
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Stack

Heatpipe Belco ESP
Air
Boiler Heater

High voltage damping resistor Yes O No H
between TR and ESP:
Manual override control available:Yes Bl No O

Alarms And Fault Detectors

TR high temperature:  Yes B No O SCR balance: Yes B No O
TR high pressure: Yes @ NoO Primary over current: If yes, setpoint __ 200 A
Spark detection: Yes B No O Er?mary ovzr voltlatge: :: yes, se: po!n: —700 x

i . rimary under voltage: yes, set point __N/A
Console hfgh temp.: Yes M No [l Secondary over current: If yes, set point _ 1000 A
Arc detection: Yes @ NoO Secondary over voltage: If yes, setpoint ___ 70 kV
Full conduction: Yes @ NoO Secondary under voltage: If yes, set point 10 kv
Energy management: Yes @ NoO Circuit breaker trip: If yes, set point __ 250 A
SCR high temperature: Yes B No [

DUCTING

Duct Layout

Duct Hardware
Airheater:  Rotary U Tubular O Other B (Milliken Station Unit #2 has a heatpipe)
Temperature ratio 2.3 {Inlet temp. / Outlet temp.)

Stack opacity meter: Yes @ No (O
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ESP CLEANING

Inlet Baffles
Rapper type: Swing/drop hammer

Number of rows of baffles 2

Row No.

Rapper cycle time, min

Qutlet Baffles
Rapper type: Swing/drop hammer

Number of rows across of rappers
Rapper cycle time, min

O Pneumatic M Elect. impact O Elect. vibrator [

Number of rappers per baffle 4

O Pneumatic M Elect.impact O Elect. vibrator O

1 Number of rappers per baffle 4
4

Collecting and Emitting Electrodes

Eield Number 1

Collecting Electrodes
Rapper type:

Number of rows of baffles
Rapper cycle time, min

Emitting Electrodes
Rapper type:

Number of rappers per row
Rapper cycle time, min

Swing/drop hammer

Swing/drop hammer

(Identical configurations for North and South units.)

O  Pneumatic O Elect. impact B Elect. vibrator [

1 Number of rappers per row 16 per gas path

0O Pneumatic O Elect.impact B  Elect. vibrator O

8  pergas path
3

Field Number 2

Collecting Electrodes
Rapper type:

Number of rows of baffles
Rapper cycle time, min

Emitting Electrodes
Rapper type:

Number of rappers per row
Rapper cycle time, min

Swing/drop hammer

Swing/drop hammer

(Identical configurations for North and South units.)

O Preumatic O Elect. impact M Elect. vibrator O

1 Number of rappers per row _ 16

per gas path
-5

O Preumatic O Elect.impact Bl Elect. vibralor O

8__ pergas path
_ 95
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Field Number 3 (Identical configurations for North and South units.)

Collecting Electrodes

Rapper type:  Swing/drop hammer [0  Pneumatic O Elect. impact M  Elect. vibrator O
Number of rows of bafiles 1 Number of rappers perrow _ 16 per gas path
Rapper cycle time, min 7

Emitting Electrodes

Rapper type:  Swing/drop hammer [0 Pneumatic [J Elect. impact B Elect. vibrator O
Number of rappers per row 8  pergas path
Rapper cycle time, min 6

DUST REMOVAL

Hopper layout
Total number of hoppers in the ESP 24

Number of hopper rows 3
in gas flow direction

Row # 1
Hopper cycle time 10 S 4
for each row, min

N
W

PERMIT LIMITS (FGD Scrubber outlet conditions)

Outlet dust concentrations Ib/MMBtu
Total 0.1
PM 10 N/A
PM 25 N/A

Opacity % Period, min
Average 11 3
Max. puff 20 <1
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Appendix D

TR Set Voltage - Current Relationships

ESP Operating Characteristics -- TR Set 2-A1

Data Source: Airload B Fullload OO Operating O

Primary Secondary (ESP)
Voltage Current Voltage Current
~ A KV _mA,

1 80 1 29.6 16

2 88 4 30.8 24

3 92 4 31.6 24

4 96 5 32.8 32

5 104 6 33.6 40

6 108 8 34.8 48

7 116 10 356 __ 986

8 124 10 36.8 64

9 128 12 37.6 72
10 136 14 38.8 80
11 144 16 39.6 88
12 150 18 40.8 102
13 156 20 41.6 112
14 164 22 42.8 122
15 172 24 43.6 136
16 177 26 44.8 150
17 184 28 456 160
18 192 32 46.6 176
19 200 34 47.6 192
20 208 38 488 208

Voltage Curves Calculated by ESPert

ESP voltage current curve (V = a*|*b)
Secondary to primary current curve (I, =a * | + b)
Secondary to primary voltage curve (V, =a* V, + b)

a

a

Primary

Voltage Current

A

21. 2 _40
22. 2 43
23. 2 46

24. 2 50

25. 2 52
26. 2 56
27. 2 _60
28. 2 54

29. 2 67
30. 288 72

31. 300 76 .
32. 315 _80
33. 347 84
34. 363  _88
35. 372 94
36. 392 100

14.3 b= 0.234
0.184 b= -1.12
8.34 = -186

Secondary (ESP)
Voltage Current
K _mA
49.6 224

50.8 240

51.6 256

52.8 275

53. 296

54.8 312

55.6 336

56.8 352

57.6 375

58.8 395

59.6 416

60.8 440

61.6 464

62.8 488

63.6 512

64.8 544

= _098
= _1.00
= _0.97
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ESP Operating Characteristics — TR Set 2-A2

Data Source: Airload I Fullload 0 Operating O

Primary Secondary (ESP) Primary Secondary (ESP)
Voltage Current Voltage Current Voltage Current Voltage Current
v A K _mA ~ _A KV _mA
1. 84 3 29.6 40 21. 232 44 49.6 264
2. 92 4 30.8 43 22, 241 47 50.8 286
3. 96 6 31.6 48 23. 252 50 51.6 304
4, 104 6 32.8 56 24, 260 54 52.8 320
5. 112 8 33.7 64 25, 268 58 53.6 344
6. 116 9 34.8 73 28. 276 60 54.8 360
7. 124 10 35.6 80 27. 288 64 55.6 384
8. 132 12 36.8 88 28. 208 68 56.8 407
9 140 14 376 96 29. 312 72 57.6 432
10 148 16 38.8 80 30. 328 76 58.8 448
11 156 18 39.6 112 31, 357 80 59.7 472
12 164 20 40. 129 32. 375 85 60.8 495
13 171 22 41.6 144 33. 388 90 61.7 520
14 176 24 42.8 160 34, 406 94 _628 _542
15 184 27 43.7 168 35. 419 100 63.6 576
16 192 30 44.8 184 386. 431 100 64.8 600
17 200 32 45.7 _200
18 208 34 46.8 216
19 216 38 476 _232
20 224 40 48.8 248
Voltage Curves Calculated by ESPert
ESP voltage current curve (V = a*I*b) a= 10.2 b= 0.286 rf= _1.00
Secondary to primary current curve (I, =a * |, + b) a= _0177 b= _-3.21 rf= _1.00
Secondary to primary voltage curve (V, =a* V, + b) a= _9.65 b= -227 = _0.97

Page 66



ESP Operating Characteristics -- TR Set 2-A3

Data Source: Airload M Fullload O Operating O

Primary Secondary (ESP) Primary Secondary (ESP)
Voltage Current Voltage Current Voltage Current Voltage Current
v A KV _mA v _A K mA
1. 86 2 26.6 24 21. 232 46 46.8 248
2. 92 4 27.6 32 22. 241 50 47.6 264
3. 97 5 28.6 40 23. 252 54 48.8 280
4, 104 6 29.6 48 24. 260 57 49.6 304
5. 111 8 30.6 56 25. 268 60 50.8 320
6. 116 9 31.6 64 26. 277 64 51.6 344
7. 124 11 327 72 27. 288 69 52.8 360
8. 132 12 33.6 80 28. 298 74 53.6 384
9 140 14 34.8 88 29. 308 78 54.8 407
10 148 16 35.6 96 30. 324 82 55.6 432
11 156 1 36.8 104 31. 365 86 56.8 452
12 164 20 37.7 120 32. 376 92 57.7 480
13 170 24 38.7 128 33. 387 96 58.8 501
14 178 26 39.6 144 K 406 102 59.7 528
15 184 28 40.6 155 35. 416 106 60.8 550
16 192 30 41.6 168 36. 424 112 61.6 576
17 199 34 42.6 183 37. 439 117 62.8 600
18 208 36 43.6 200 38. 448 123 63.6 647
19 216 40 44.8 216 39. 460 128 64.8 665
20 224 44 456 232
NOTE: Qverheating occurred during points 38 and 39. Not used in the correlation.
Voltage Curves Calculated by ESPert
ESP voltage current curve (V = a*I*b) a= _9.99 b= 0.283 rr= _0.99
Secondary to primary current curve (I, =a* I + b) a=_0198 b= _ -2.83 r’= _1.00
Secondary to primary voltage curve (V, = a "V, + b) a= _9.71 b= -202 = _0.97
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ESP Operating Characteristics -- TR Set 2-B1

Data Source: Airload B Fullload (1 Operating

Primary Secondary (ESF)
Voltage Current Voltage Current
v oA & _mA
1. 8 1 29.6 24
2. 92 4 30.8 32
3. 96 5 31.6 32
4, 104 6 32.6 40
S. 112 8 33.7 48
6. 119 9 34.8 56
7. 126 10 35.6 64
8. 132 12 36.6 74
9 140 14 37.7 88
10 148 16 38.7 96
11 156 18 39.6 110
12 164 20 40.8 120
13 172 22 41.7 136
14 179 25 42.8 149
15 188 28 43.6 167
16 195 30 44.7 176
17 204 34 45.6 192
18. 211 36 46.6 211
19. 220 40 47.7 230
20 228 42 48.7 248

NOTE: Sparking during points 35 and 36. Not used in the correlation.

Voltage Curves Calculated by FSPert

ESP voltage current curve (V = a*!*b

o

O

Secondary to primary current curve (I, =a * |; + b)

Secondary to primary voltage curve (V, = a* V; + b)

21
22
23.
24,
25,
26.
27.
28.
29.
30.
31.
32.
33.

Primary
Voltage Current
v A
236 46
244 50
252 54
264 58
272 62
280 65
291 69
303 74
315 78
336 83
368 88
382 92
392 99
13.4 b= 0.236
0182 b= _-1.86
9.20 b= -207

Secondary (ESP}
Voltage Current
KV _mA
49.6 264

50.6 287

51.6 304

52.8 328

53.7 352

54.7 365

55.7 336

56.8 391

57.6 413

58.8 468

59.7 496

60.3 519

59.6 549

= _0.99
= _1.00
= _0.96
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ESP Operating Characteristics -- TR Set 2-B2

Data Source: Airfoad M Fullload 0 Operating O

Primary Secondary (ESF) Primary Secondary (ESP)
Voltage Current Voltage Current Voltage Current Voltage Current
N A K _mA N A K _mA
1. 84 2 30.6 24 21. 226 42 50.6 236
2. 91 4 31.6 32 22. 235 46 51.7 255
3. 96 6 32.6 34 23. 244 48 528 272
4, 103 6 336 40 24, 252 53 536 288
5. 108 8 34.8 48 25. 262 56 54.7 310
6. 115 9 35.5 56 26. 271 60 55.7 327
7. 124 10 36.6 64 27. 280 64 56.8 348
8. 130 12 376 72 28. 291 67 57.8 370
9 136 14 38.6 80 29. 271 72 58.8 390
10 143 16 39.6 91 30. 315 75 59.6 410
11 151 18 40.6 104 31. 346 80 60.8 430
12 159 20 41.6 112 32. 362 84 61.6 455
13 167 22 42.6 125 33. 375 88 62.8 478
14 173 24 43.6 136 34. 392 92 63.8 500
15 180 26 44.8 148 35. 408 100 64.8 544
16 188 30 45.7 160
17 194 32 46.6 172
18 204 34 477 192
19 211 36 48.8 206
20 220 40 49.6 224
Voltage Curves Calculated by ESPert
ESP voltage current curve {V = a*I"b) a= 13.1 b= 0.250 = _0.99
Secondary to primary current curve (I, =a* I, + b) a= _0.187 b= _-1.50 = _1.00
Secondary to primary voltage curve (V, = a* V, +b) a= _9.72 b= -250 = _0.94
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ESP Qperating Characteristics - TR Set 2-B3

Data Source: Airload B Fullload [0 Operating

Primary

Voltage Current

. A
1. 84 3
2. 88 4
3. 96 6
4. 104 7
5. 108 8
6. 115 10
7. 121 11
8. 128 12

l

[{=]
—
G0
[9>]
s
5N

10 143 16
11 152 18
12 158 20
13 164 22
14 172 24
15 180 28
16 188 30
17 196 32
18 203 35
19 211 38
20 216 41

Voltage Curves Calculated by ESPert

ESP voltage current curve (V = a*1*b)
Secondary to primary current curve (I, =a* I + b)
Secondary to primary voltage curve (V,=a* V, + b)

Secondary (ESP)
Voltage Current

i
27.6
28.6
29.6
30.8
31.6
32.7
33.6
34.8
35.6
36.6
37.6
38.7
39.6

NN ¥
[
o k

N
N
oo

Fey
@
¢

5N
.
[~

IS
iy
(@]

a
e
oo

_mA_
21
32
37
40
48
56
64
80
88
96

112
120
131
144
160
176
190
203
224
240

O

a=
a=

a=

Primary
Voltage Current

~ _A
21. 224 44
22. 231 47
23. 242 52
24, 251 54
25. 260 58
26. 268 62
27. 276 66
28. 285 69
29. 299 74
30. 12 78
31. 46 82
32. 61 86
33. 375 90
34. 394 95
35. 404 100
36. 412 104
37. 424 110

38. 436 115

11.2 b= 0.266
0.181 b= _-154
9.49 b= -207

Secondary (ESP)
Voltage Current
kv _mA
47.6 256
48.6 270
496 290

50.8 312

51.7 328

52.8 352

53.6 373

54.6 388

55.6 414

56.8 440

57.8 464

58.8 488

59.6 512
60.8 535
61.7 560
62.8 584
63.6 614
64.8 640

rf= _0.99
rr= _1.00
= _096
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